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INTRODUCTION

Presently, the imaging techniques used for diagnosis and detection of breast cancer are all
performed by deforming the breast from its original shape. These shape deformations result in
improved diagnostic image quality, however, the biomechanical nature of breast tissue is not
taken into account. This is largely due to the fact that the biomechanical behavior of breast tissue
is not fully understood. An understanding of the biomechanical properties of breast tissue may
aid the development of accurate breast models, and the characterization of the mechanical nature
of tissue may provide diagnostic information.

The purpose of our study is to noninvasively characterize the mechanical properties of normal
breast tissue, and to develop a biomechanically driven computer morphing algorithm that
accurately mimics the shape deformation of normal breast tissue.

This report describes present research and tasks completed according to the BAA proposal. As
outlined in the Statement of Work, the main objectives of the second year of research are:

A. The design and development of a MR compatible compression device.
B. Investigation of morphing algorithms.

With the design and development of the MR compatible compression device completed, studies
of the mechanical deformation of normal breast tissue are underway, and considerable progress
has been made with the investigation and implementation of computer algorithms for image
morphing and 3D visualization.

BACKGROUND

Mechanical Deformation

The biomechanical nature of soft tissue is described in terms of its stress - strain or constitutive
relationship. Strain is a measurement of the deformation or displacement of a material caused by
the stress, and stress equals force per unit area of contact. The particular shape of the deformation
is a function of both the internal strains and stresses within the tissue, and the external forces
applied to the tissue.

The breast is a composite of mechanically different materials. It is considered as a mixture of a
porous matrix in an incompressible fluid. The ductal system comprises about 10-15% of the total
breast mass. The remaining 85% is mostly adipose tissue [1]. Both adipose and glandular tissues
obtain their elasticity from elastic fibers. Breast tissue, like most soft tissue, is modeled as a non-
linear, anisotropic, incompressible continuum [2]. The action of external forces causes
deformation and a change of internal (potential) energy. The elastic deformation of tissue is
associated with this change of potential energy [3,4,5].



Provided that no energy is lost due to heat, the external work done by loads is converted into
internal work, called strain energy. This energy is caused by the action of either normal or shear
stress. If a cubic volume element is subjected to a compressive force normal to the top and
bottom of the cubic faces in the z-direction, the force created on the top and bottom of the faces
is
M
dFZ =0 ZdA

where A is the surface area of the cubic face, Fz is the applied force, and oz is the normal stress.
If the force is applied gradually, as in static loading, the volume element undergoes a
displacement in the Z-direction of

2)
dAZ = 8de,

where AZ = Z, — Z and ¢ is the strain. Z, is the original length, and Z is the deformed length.
The work done by the force is therefore,
3
dU = Y2 dFz dAZ
=¥ (O'z dX dY)SZ dz
=W o 7€z dv

where dV =dX dY dZ.

The strain energy density function can serve as the constitutive equation to relate stress to strain.
The strain energy function is a function of the strain components and depends on the invariants
of the strain and thus states the isotropic nature of materials.
C)
U=U, L L)

where U is the energy density function, and I, I, I; are the strain invariants. For incompressible
materials, I = 0 and the strain energy relation has the form [5,6],
)]
U= Co(I; -3) + Ci(I - 3)

where Cgy and C; are constants. A major constraint for modeling of breast tissue is that the model
correctly represents the deformability of real tissue. In order to control the accuracy of the
deformation model, we have proposed to compare the computed deformation of the soft tissue
with the actually deformed tissue.




Initial Morphing Algorithms

Image morphing is useful in displaying deformation because the displacements can be smooth
from one position to another. Control points such as in finite element models may be warped and
morphed. Points and lines guide the morphing process, and when the control points are warped,
deformation of the material is generated. While existing computer algorithms can efficiently
simulate deformation, they largely ignore the physical principles of deformation. These computer
algorithms use geometric primitives such as triangles to compute deformations.

Finite element models are the most widely employed deformable tissue models used because they
can model a continuum. The finite element method describes a volume or surface as a set of
basic elements, such as tetrahedra, triangles, and other polygons. Splines can be seen as finite
elements with a definite shape function. Spline interpolation represents a type of mesh
deformation model whereby application of moving groups of control points generates
deformation [7].

A simple morphing algorithm commonly used is Free Form Deformation (FFD) in which point
features are organized on a rectilinear mesh. In FFD, each deformation is associated with a
deformation parallelepiped box. The points of the face of the box are expressed in the coordinate
system of the box. The positions of the points are updated when the coordinates of the box are
displaced.

Another morphing algorithm, known as Feature-Based Morphing, uses both points and lines as
features. The defined control points and lines drive the displacements by using such factors as the
distance to the nearest line segment and the length of the nearest line segment. As the number of
control points increases, the more accurate the generated morph becomes [8].

A major problem of image morphing is foldover. If many-to-one correspondences occur between
the source and the target at some point during a morph, then the resulting morph contains
undesirable wrinkles or distortions in the images. When feature movements are small, most
existing morphing algorithms can produce one-to-one mapping. However for large
displacements, foldover can occur. The foldover- free technique constructs a triangulation over a
given set of features. As the features move, the triangulation changes its structure and no edges in
the triangulation may cross line features [8].



BODY OF REPORT

METHODS

Deformation information was obtained irn vivo using magnetic resonance imaging to detect
displacement of regions of interest, (i.e., landmarks). Imaging was performed ona GE 1.5 T
clinical MR system (General Electric, Signa). Optimal fat and gland contrast was obtained by
employing a spoiled gradient echo (SPGR) sequence. With a 3D imaging protocol, high signal-
to-noise ratio (SNR) images were acquired. The protocol employs a fast 3D-FSPGR (fast spoiled
gradient echo) sequence, with TE= 4.2 msec fat/water in-phase, TR=25 msec, flip angle = 60
degrees, a 512 x 256 matrix and field of view=20x20 cm®. One hundred twenty-four 1.4 mm
coronal slices were obtained for each compression. Acquisition times ranged from 4.50 to 8.12
minutes.

Initially, compression studies were performed with a commercial breast coil. In these studies the
left breast was compressed with Pyrex plates in the cranial-to-caudal and medial-to-lateral
directions. Because of the curvature of the breast coil, it was difficult to compress in the C-C
position, however large local deformations were clearly visible in the M-L compression images.
With the commercial breast coil, it was also difficult to supply incremental compressive
loadings. Because of these findings, it was decided to image with flat surface coils. Although flat
surface coils are known to produce spatial intensity variations, which can complicate image
segmentation and visualization, the improved control of incremental changes in compression was
found to be necessary for the proposed work. We therefore designed a combined coil-
compression device for studying breast deformation.

The coil-compression device, shown in figure 1, consists of both a compression plate and a flat
surface coil. The top compression plate moves vertically along posts to supply a uniaxial
compression force, and the imaging coil is attached to the bottom plate. Mechanical stops control
the compression and width. The compression plate is positioned on the breast to be imaged, with
its edge against the rib cage. The movable plate pushes lightly into the chest wall and separates
the left breast from the right breast to allow full coverage of only one breast. The compression
plates contain a series of registration markings to provide localization landmarks. The subject lies
on her side with the upper body slightly elevated. As shown in figure 1b, the surface coil is
placed so that it rests up against the side of the chest wall beneath the breast, and the breast lies
close to the surface coil. Most subjects reported this position as comfortable.

Uncompressed and compressed images of several healthy female volunteers, over the age of 18
and pre-menopausal were acquired. The breast was slightly compressed in the medial-lateral
orientation with an uniaxial compression force. In this configuration, displacement and normal
stresses may be experimentally evaluated. To measure the normal stress at specified landmarks,
various force sensors were investigated. Versatile and economic sensors were required because
an array of sensors had to be capable of being placed into the imaging magnet without
introducing large artifacts.



RESULTS AND DISCUSSION

Stress Sensors

Traditional load cells used to measure force are metallic, inflexible and costly. The miniature
load cells can cost as much as $1,000 each. Therefore, we plan to measure normal stress with the
non-metallic Uniforce® sensor. The sensor is constructed of two layers of non-conductive
substrate with layers of a silver conductive material applied to each substrate. Force can be
measured by connecting the sensor leads to an ohmmeter and measuring the change in resistance.
There is also software available that is capable of displaying the output of the sensor in units of
pounds or newtons. The sensors are flexible, thin, about 0.076 mm, and capable of detecting
static forces over a broad range. The thinness, flexibility, and cost of the sensors permit an array
of the force sensors to be assembled and placed between the compression plate and the breast.

Several studies were conducted to evaluate if the sensors and connecting cables can be safely
used in conjunction with MRI. Two main issues that needed to be addressed are:

(1) Alternating magnetic fields may produce currents and potentially harmful heating
leading to skin burns.

(2) Presence of conductors may lead to imaging artifacts.

To address the safety concern, tests were conducted with two sensors taped to the hand of a
subject. The subject’s hand was placed inside a head coil and imaged for up to 6 minutes. The
subject indicated no sense of increased temperatures near the sensors, and no heat burns were
observed.

To address the conductivity issue, sensors with and without the connector assembly were
attached to a gelatin phantom and imaged. For the sensor without the connector assembly, small
susceptibility effects leading to signal voids of a few millimeters are observed. These tests
indicate the possibility of using the sensor array as external landmarks.

For sensors with the connector assembly, 2 x 2 ¢cm signal voids are found. We concluded that for
the in vivo stress studies, the sensor connectors must be at least 2 cm away from the breast.

Surface Coils

From the MR images acquired using a flat surface coil, anatomical features are clearly
identifiable and noise due to respiratory and cardiac motion is minimal, although some aliasing is
observed. Chemical shift at tissue boundaries in the frequency encode direction is also observed,
but does not appear to be prohibitive.



Correction Algorithms:

One problem with using the flat surface coil is signal drop-off. The inhomogeneous sensitivity
profile of the coil produces intensity variations that spatially lower contrast and limit optimal
display. Because signal intensity varies across the width of the coil, some anatomical features are
not clearly distinguishable on images. Furthermore, the large signal variation is prohibitive for
the planned computer processing. Signal correction is possible by dividing out the transfer
function of the coil [9].

Corrected image = original image / hp

where h, is the estimated surface coil’s sensitivity profile. Initially a low pass filtering technique
was used to estimate he, [9]. As shown in figure 2, with this correction method some signal
correction is observed but the contrast is still low. This method also introduces additional noise
into the image.

A better correction technique was developed to correct the surface coil images and increase tissue
contrast. The new method uses a homogeneous phantom and patented external markers [10].
External registration markers are placed on the plates of the compression device and the h, is
found from a uniform gelatin phantom.

Phantom image = h,

The phantom images are smoothed with an averaging filter to reduce noise, and the images of the
breast and the phantom are aligned section by section using the external markers. An example of
the image correction with this new method is shown in figure 3.

In Vivo Landmarks:

From preliminary imaging outlined in the 1997 Annual Report, anatomical features such as the
rib cage, branching ducts, fatty tissue, boundaries between glandular and fatty tissue and the
nipple are clearly visible on MR images. With the correction method described above,
segmentation of these anatomical features is easily accomplished. However, automatically
segmenting adipose tissue from the branching ducts remains a problem to be addressed.
Anatomical features serve as positional markers of tissue deformation, and are used as landmarks
to define the control points for the morphing algorithms. The three principle types of landmarks
characterized are: 1). points at which two or more structures meet, 2). tips of extrusions, and 3).
tangential points along curved surfaces.
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Tissue Deformation

The mechanical behavior of breast tissue is clearly represented on the sectional MR images.
Substantial tissue deformations are observed even under the mildest of compression. Figure 4a
demonstrates in sections near the nipple where compression is the least, the tissue appears to
have rotated. This rotation is observed in most subjects. This specific type of deformation is
assumed to be associated with compression in the medial-lateral orientation. Future studies will
also include cranial-to-caudal compression. Shown in figure 4b are MR sections closer to the
chest wall, where tissue deformation is clearly distinguishable.

Deformation Calculations:
Using the mechanical stops to control the distance between the top compression plate and the
bottom plate, subjects were imaged with a range of compressions. The right breast was

compressed in the medial-lateral direction and widths and percent of deformation of the breast
are given in Table 1.

TABLE 1. Percent compression in the direction of the applied force.

subject 1 subject 2 subject 3 subject 4
uncompressed width 100 77 55 75
(mm)
compressed width 80 57 35 55
(mm)
% deformation in Z direction 20.0 26.0 36.4 26.7

Table 2 displays the deformation calculated for a small volume of tissue using the center MR
sections of compressed and uncompressed breast tissue. The displacement vector represents the
displacement of a point P, located at X, y, z in the original volume, to the displaced point P’,
located at x’, y’, z’ in the deformed volume. The coordinate system is defined such that the plates
compress in the Z-direction (right to left orientation). The X-axis is in the subject’s inferior to
superior direction, and the Y-axis points from the nipple to the chest wall (anterior to posterior
direction),( see figure 1b).
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TABLE 2. Components of the displacement vector of specific landmarks
undergoing an applied compressive force.

X-direction Y-direction Z-direction

P1 0.436 0.542 0.719
P2 0.251 0.292 0.923
P3 0.093 0.317 -0.944
P4 -0.990 0.090 -0.104
P5 -0.005 -0.988 0.151
P6 0.200 -0.978 -0.065
P7 0.173 -0.969 -0.175
P8 0.159 -0.984 0.074

Along the Z-axis, the minus sign represents displacement opposite to the direction of the applied
compression force. Along the X and Y axes, the minus sign represents displacement that
increases from an arbitrarily chosen origin. Points P1-P3 are the farthest away from the
compression plate and the largest displacements are observed along the Z-axis in the direction of
compression. In these sections, some shear displacements are observed in the X and Y
directions. This supports the observation of tissue rotation in MR sections near the nipple.

The largest displacements are along the Y axis for points closer to the chest wall and to the
compression plate, (points P6-P8). This is because in medial-lateral compression, the stress is
greater near the chest wall than near the nipple, and the deformation in the Y direction is
elongated. Even for small compressions with the breast compressed <20%, the out-of-plane
elongation can be large.

Morphing Algorithms

2D Morphing:

We began our study by investigating two-dimensional image processing because of the
abundance of literature and availability of techniques in 2D morphing. Several computer
morphing techniques such as Free Form Deformation (FFD) and feature-based morphing have
been investigated. The 2D morphing gives favorable results with the computer algorithm yielding
a morphed image that is similar to the target image. The algorithms map landmarks from the
source image to the target image. Control points are chosen according to the internal and external
landmark studies discussed in last year’s report.

In the preliminary study, a 2D FFD computer morphing algorithm was employed to map internal
anatomical landmarks from prone breast images obtained with a commercial breast coil (the
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source image), to supine breast images obtained with a body coil ( the target image). The prone
images have high resolution, but the supine images are noisy because they were acquired with the
body coil and due to cardiac and respiratory motion, (see figure 5).

Image control features that guide the morphing process are shown in figure 5a. Point and line
features in figure 5a are drawn at locations classified as Type 2 and 3 landmarks. The generated
morph shown in figure 6a is less noisy than the original supine image, however some areas of the
generated supine image are not correctly morphed using the feature based algorithm.

A 2D Foldover-Free algorithm provides better one-to-one mapping and generates a better image,
as shown in figure 7b. The prone to supine images exhibit very large deformations and provide
little mechanical information. To better evaluate the mechanical properties of breast tissue,
incremental deformations are required.

By applying static compression forces in small incremental steps, small deformations are
obtained. The compressed and uncompressed images are shown in figure 8. Another 2D feature
based morphing algorithm was employed on these images with image features controlling the
morphing process. The point and line anatomical features in figure 8a are drawn at locations
classified as Type 2 and 3 landmarks. For the morphing process, the uncompressed image is the
source image (e.g., the beginning of the morphing process) and the compressed image is the
target for the end of the morphing process.

The generated morphs are shown in figure 9. Some areas of the target image are not correctly
morphed. As more control points are defined, a better image is generated and the correlation
between the morph and target improves.

When feature movement or shape deformation is small, most morphing algorithms can produce a
one-to-one mapping between source and target. For large deformations, however, overlapping
between control points can occur. The Foldover-Free algorithm can provide better one-to-one
mapping, eliminate overlap, and generate a better image. Such a 3D algorithm is currently under
investigation for volume morphing [8].

3D Morphing:

Our initial data indicate that tissue deformation occurs in three dimensions. Thus, evaluations of
breast biomechanics will have to be in 3D. Three-dimensional volume visualization is necessary
to identify landmarks in 3D. We employed interactive volume visualization techniques for our
3D-MR data sets. Although volume based morphing techniques are not as widely available as 2D
morphing, they are more suitable for 3D data because 2D morphing cannot display out of plane
deformations.

Several methods of 3D visualization were investigated to determine which technique would best

represent the tissue volume. The image in figure 10a displays a sagittal section of the entire
breast obtained with a ray casting volume rendering technique. Although this representation is a

i3
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good 3D display of volume, it is not found to be appropriate for image morphing because it does
not display out of plane branching of the ductal systems.

Our next step was to segment the volumetric MR data sets with appropriate thresholding to
produce 3D representation of breast tissue. Figure 10b shows coronal sections of compressed
and uncompressed 3D views of segmented data. This volume rendering is performed with a ray
casting technique [11]. With this method, the tissue is too dense to adequately locate landmarks,
although some extrusion peaks are displayed. Figure 11 shows a polygon rendering of sections of
tissue in which the volumes are displayed as isosurfaces using the Marching Cubes Algorithm
[11]. This rendering is the best 3D rendering obtained thus far. The out of plane branching of the
ductal system is clearly represented in these images.

As can be seen from the images, identifying appropriate 3D landmark features from the
segmented data to drive the morphing algorithm is a challenge. To perform 3D morphing,
appropriate features that could be mapped to the target image are required. Type 2 landmarks
(i.e., extrusion peaks) are favored because they are easier to identify. Slice by slice 2D morphing
of the volume data can be easily accomplished, but 3D morphing is more problematic. A Mesh
Free Form Deformation algorithm has been utilized for preliminary studies. In an MFFD
algorithm the object is not deformed directly, but it is embedded in a space that is deformed. The
effects of deforming that space are propagated to the object, (see figure 12b).

Significance

All objectives of the proposed research are on track and proceeding as scheduled. Tasks one, two,
and three have been completed and tasks four and five have been initiated.

TASK 1: Investigate MR-visible materials. Characterize internal landmarks using anatomy of
breast.

TASK 2: Identify internal and external MR visible markers. Investigate optimal MR imaging
protocols. Identify breast models.

TASK 3: Investigate morphing algorithms to optimize MR localization using compressional
and gravitational forces. Develop MR compression device.

TASK 4: Investigate morphing algorithms. Finite element methods and thin plate splines, FFD,
and volume morphing.

TASK 5: Acquire deformation data. Estimate stress. Develop constitutive relationship.

The results of this work have been presented at Ohio State University, ISMRM, and BMES. A
list of publications and presentations resulting from this work is included in the Appendices.
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One notable outcome of our investigations is the surface coil intensity correction algorithm. We
improved upon one existing algorithm to get more appropriate results. These findings will be
published at a later date [12]. ‘

In keeping with the goals outlined in the Statement of Work, our next research steps are to:

eFocus on incremental compression to obtain small deformations
eEstimate the in vivo stress from the deformation data

eMeasure the normal stress

eImplement 2D algorithms with tissue biomechanical properties

Because 2D computer morphing algorithms are available, we will continue with these algorithms
and the constitutive relationship, using stress and strain vectors instead of 3 x 3 stress and strain
tensors. This approach will simplify initial implementation of mechanical computation and use of
mechanical information for morphing algorithms.

CONCLUSIONS

Localization of internal anatomy has been very promising using the internal and external
landmarks. From the initial deformation data, we found that MR imaging can provide in vivo
biomechanical information about the breast when incremental compression is used. We observed
that because of the connectivity of the duct system, shear deformation occurs at regions far from
the point of contact of the applied force. From the force sensors, measurements of the normal
stress during compression deformation will be obtained, and with the estimates of in vivo stress
and strain, the mechanical constitutive relationship of breast tissue can be approximated.

While computer morphing has proven beneficial in 2D morphing, a problem still exists for 3D
morphing. As can be observed in the 3D volumes, it is difficult to identify enough point and line
features to control the morphing process. This problem may be addressed by employing
geometric solids to display the volume, and using physically based control systems instead of
triangulation to represent the deformation. Such techniques have been employed for muscle
deformation [13].
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a. Acronyms and Symbols

T - tesla

TR - repetition time

TE - echo time

T1- spin-lattice relaxation time of the magnetization along the longitudinal axis
T2- spin-spin relaxation time of magnetization in the transverse plane.

msec - millisecond

mm - millimeter
SNR - signal-to-noise ratio
SPGR- spoiled gradient echo

2D - two dimensional

3D - three dimensional

h¢p - coil’s sensitivity profile
C-C - cranio-caudal

M-L - medio-lateral

deformation - Z,-7Z/Z,
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(a) (b)

FIGURE 2. Coronal breast images illustrating filtering intensity correction algorithm.
(a) Original Image (b) Corrected image using method of reference [9].
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(a) Original image (b) Intensity corrected image

FIGURE 3. Breast images resulting from new intensity correction algorithm, reference [12].
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FIGURE 4. Views of mechanical deformation. (a) Sections near the nipple, (b) Sections closer
to the chest wall.
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(a) prone (b) supine

FIGURE 5. (a) Source (prone) image with identifying landmark features. (b) Target
(supine) image.
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(b)

FIGURE 6. (a) Morphed image resulting from feature-based morphing algorithm. (b)
Incorrectly morphed areas.
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based, and (b) Foldover algorithms

FIGURE 7. Morphs generated from (a) Feature
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(@) (b)

FIGURE 8. (a) Source (uncompressed) image with identifying feature control points and lines.
(b) Target image
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FIGURE 9. Morph images resulting from Feature based algorithms generated with (a) 20
Control Points, (b) 42 Control Points.
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uncompressed
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FIGURE 10. 3D renderings of MR volume data (a) Sagittal section of breast (b) Coronal
sections of segmented tissue.
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FIGURE 11.

Segmented uncompressed tissue rendered as isosurfaces .
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(b)

FIGURE 12. (a) Compressed tissue. (b) Preliminary morphing of segmented tissue (in fig.11)
generated with 12 control features.
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Biomechanics of Breast Tissue: Preliminary study of shape deformation of normal breast tissue.

C. Williams , B. Clymer, PhD @, P Schmalbrock, PhD ®, K. Fujimura, PhD ¢,
(1) Biomedical Engineering Center, (2) Dept. of Electrical Engineering, (3) Dept. of Radiology, (4) Dept. of Computer and Information Science
) The Ohio State University, Columbus, Ohio, USA

INTRODUCTION
Presently, the imaging techniques used for diagnosis and detection

of breast cancer are all performed by deforming the breast from its
original shape. These shape deformations result in improved
diagnostic image quality, however, the biomechanical nature of breast
tissue is not taken into account. This is largely due to the fact that the _
biomechanical behavior of breast tissue is not fully understood. — R
Because pathology has different elastic properties than normal tissue, (@) (b)

the characterization of the mechanical nature of tissue may provide 3D Mo L hing: )
diagnostic information [1]. MR slices were segmented with appropriate thresholding to

produce the 3D image of breast tissue shown in figure 3. To
perform 3D morphing, appropriate features which could be
mapped to the target image were identified. Type 2 landmarks
(extrusion peaks), shown in the inset, were favored. A simple
morphing algorithm, known as Mesh Free Form Deformation,
(MFFD), was performed and the results are shown in figure 4.

FIGURE 2. Morphs (a) feature-based, (b) foldover algorithm.

An understanding of the biomechanical properties of breast tissue
may be used to develop more accurate breast models.
Biomechanically-based models may be used to develop computer
morphing algorithms so that initial images obtained by shape
deformation can be transformed into images that represent the breast
in an undeformed state. Such images may better aid surgical biopsies
and breast conservation procedures, as well as improve prognosis for
patients. '

In MFFD, the object is not deformed directly, but it is embedded
in a space which is deformed. The effects of deforming that space
are propagated to the object. The space used to control the
deformation is a 3D grid of control points. The inset depicts the

The primary purpose of our study is to investigate the biomechanical
morphed regions of the original object.

nature of normal breast tissue, and to develop a biomechanically-
driven, feature-based computer morphing algorithm which accurately

mimics the shape deformation of normal and diseased breast tissue. Methods for achieving foldover-free volume morphing are

currently being studied [3]. This approach makes it possible to warp
METHODS volumes seamlessly for specified feature points.

Preliminary studies of shape deformation were conducted in vivo.
The internal and external landmarks were classified from T1-weighted
MR images. The landmarks served as positional markers of the
deformation. The three principle types of landmarks characterized are:
1). points where two or more structures meet, 2). tips of extrusions,
and 3). tangential points

e.)

FIGURE 3. 3D representation of breast tissue. (Prone ima

RESULTS AND DISCUSSION
In Vivo Landmarks:

In the in vivo studies, healthy female volunteers, over the age of 18
and pre-menopausal were studied. MR images were acquired on a 1.5
T clinical MRI system (General Electric, Signa). Using a commercial
phased array breast coil, prone images were obtained. A body coil was
used to image in the supine position. Tissue boundaries between
glandular and fatty tissue were best delineated on high resolution T1-
weighted images. The anatomical features were used as landmarks to
define the control points for the morphing algorithm.

ANDMARKS

FIGURE 4. 3D morph generated with MFFD

2D Morphing:

In the preliminary study, a 2D computer morphing algorithm is
employed to map landmarks from the source (prone image) to the
target (supine image). Image features such as points and lines, are
used to guide the morphing process.

Point and line features in figure 1 are drawn at locations classified as
Type 2 and 3 landmarks. The generated morphs, shown in figure 2, are
less noisy than the original supine image. In figure 2a, areas of the

supine image are not correctly morphed. A 2D Foldover -Free
algorithm provides better one-to-one mapping, and generates a better
image [2].

generate morph.(b) Tar

FIGURE 1.(a) Source and feat}lres to et image.

|
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Abstract
PURPOSE: Our goal was to create a realtime disposable MR compatible bisopy system that was
s?mple, fast, accurate, versatile and could support multiple probes simultaneously.

METHOD/MATERIALS: We developed an integrated surface coil, breast compression plate,
stereotactic pattern design with infinite vector choices, and multi- needle support system for
breast biospies. The key element is a unique patented image pattern that has the characteristic
that when imaged, the true distance measured between two conspicuous points is equal to the
same axial dimensional distance on the device. This allows for exact immediate vector
positioning and placement of the needles in targets with a expansive biopsy vector choice. We
made a series of localizations on phantoms to confirm the accuracy and speed.

RESULTS: We were able to place a needles within 2 mm of the target in two minutes from the
time ther were identified.

CONCLUSIONS: This type of simple accurate system could revolutionize MR bisopy techniques
and lead to more definitive theraputic interventions using MRI.
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